Abstract. In this paper, the behavior of different types of biodiesel (from rapeseed, soybean, coconut and palm oils) in contact with different parts of a common rail injection system was evaluated. Stability tests were carried out by static immersion of test pieces in biodiesel at two different temperatures, 50ºC and 75ºC. After 15 days of immersion, interaction between pieces and biodiesel was evaluated considering two parameters: mass variation of pieces and biodiesel acid value (AV). A mass loss in both injector and pipes was found, no matter which biodiesel was used. In case soybean oil biodiesel was used, a slightly lower loss was achieved. On the other hand, coconut oil biodiesel showed a significant acid value increase with respect to the others. The temperature increase influenced mass loss and acid value increase.
Introduction
Biodiesel is mainly a biofuel derived from vegetable oils and animal fats that is synthesized by a transesterification with a short-chain alcohol, generally methanol or ethanol, to yield fatty acid alkyl esters (biodiesel) and glycerol, as a by-product [1] . Among others, its main features are its renewability, its high flash point and its ability to be However, most of them could be reduced with the help of antioxidants [2] .
Another study carried out by Labeckas and Slavinskas showed that rapeseed oil biodiesel presents a free water content value about 2.7 times higher than others. This fact can lead to an increase in both density and viscosity values, stimulating acidity, as well as reducing cetane number, thus increasing corrosion [3] .
On the other hand, Fazal et al. studied the corrosion of aluminum (99% commercially pure), copper and stainless steel in contact with palm oil and palm oil biodiesel.
After an exposure time of 1200 h, it was found that the corrosion rate of copper and aluminum in contact with biodiesel was greater than that presented by diesel fuel, while the stainless steel did not show significant changes.
The corrosion rates of copper, aluminum and stainless steel were approximately 0.586, 0.202 and 0.015 mm/year, respectively [4] .
Singh and Singh found that biodiesel is much more corrosive than diesel fuel when used in metals and elastomers, while stainless steel do not show pitting corrosion [5] . Also, other authors report that unsaturated double bonds make biodiesel more susceptible to 
Materials and methods

Materials
Vegetable oils
Soybean oil was purchased from Guinama (Alboraya, Valencia, Spain), coconut oil from Acofarma (Terrassa, Barcelona, Spain), palm oil from Químics Dalmau (Barcelona, Spain) and rapeseed oil was provided by IFAPA (Instituto de Formación Agraria y Pesquera, Córdoba, Spain).
Reagents
Potassium hydroxide and methanol for biodiesel production were acquired from Panreac Química 
Methods
Biodiesel production
Biodiesel production for each type of oil were conducted based on previous optimization studies in batch process [7] , as shown in Table I . 
Fatty acid determination
Fatty acid content was determined by GC-FID, following EN 14103 standard.
Preparation of metal samples
Pieces were cut using a metallographic cutting machine, cooled with water and showing a slow advance to avoid changes in metallic surfaces. Samples were washed with water and surfaces were polished mechanically with a polisher, using abrasive papers of silicon carbide (400 and 1200 µm) to provide a fine surface finish. Samples were quickly washed with distilled water and acetone.
Finally, they were dried with compressed air and introduced into glass bottles containing biodiesel ( Figure   2 ).
Static immersion tests
These tests consisted in placing pieces of both injector and pipe in glass bottles containing biodiesel, into a thermostated water bath, at 50ºC and 75ºC, 360 h (15 days). Previously, pieces were weighed and the acid value of each type of biodiesel was determined ( Figure   3 ). After the tests, each piece was weighed and biodiesel acid value was determined. 9 LC = Σ(nCn/100), where n is the number of carbon atoms of each fatty acid and Cn is the weight percentage of each methyl ester in the given fatty acid; 10 TUD = (1%MU + 2%DU + 3%TU)/, where %MU is the weight percentage of monounsaturated methyl esters, %DU is the weight percentage of diunsaturated methyl esters and %TU is the weight percentage of triunsaturated methyl esters.
European biodiesel standard EN 14214 limits for viscosity, density and acid value are 3.5-5 mm 2 /s, 860-900 kg/m 3 and 0.5 mg KOH/g, respectively. 
Mass variation
Results show that after the test at 50°C, each piece of 
Acid value variation
The variation of biodiesel acid value after the test is shown in Figures 6-9 .
As can be seen, there is not a clear trend of the influence of the fatty acid composition in both mass loss and acid value increase. Influence of biodiesel from unsaturated However, temperature significantly affects both biodiesel acidity and metal loss of mass. It has been shown that injector and pipe are made from different materials, thus influencing biodiesel in different ways. In this sense, palm oil biodiesel produces the greatest loss of mass of the injector, although it is the less degraded biodiesel.
Rapeseed oil biodiesel produces the greatest loss of mass of the pipe, being also the most degraded biofuel at 50ºC; this position is conquered by coconut oil biodiesel, when temperature increases to 75ºC.
Conclusion
This paper investigated the corrosion behavior of metallic pieces of a diesel engine common rail injector system by static immersion, at different temperatures, in four types of biodiesel (from coconut oil, rapeseed oil, palm oil and soybean oil). After 15 days of immersion tests, it was found that there is a mass loss in both injector and pipe samples and an increase of biodiesel acid value. On the other hand, the increase of temperature, from 50°C to 75°C, show a significant influence on both metal mass loss and biodiesel acid value increase.
